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INTRODUCTION 


Project MAC is an M.I.T. interdepartmental research laboratory 
for computer science and engineering. The research program of 
Project MAC is focused upon the new field of "interactive" com- 
puting, i.e., computing in which men and computers work together 
in close partnership in solving problems or making decisions. 

Some of the research is aimed at making it possible for men and 
computers to work together more effectively. Some of it takes ad- 
vantage of interactive computing to facilitate the solution of basic 
problems in computer science or to develop new applications. But 
almost all of it deals with men and computers -- hence the acro- 
nym "MAC". (There are other expansions of "MAC"; those we use 
most often are "multiple-access computers" and "machine-aided 
cognition".) 

During the last year, Project MAC has accomplished several re- 
search objectives, and it has gone through part of a major transition. 
Inasmuch as a brief account of the transition will set the stage for 
a discussion of the research results, let us begin with that account. 

The Course of Project MAC 

In order to bring about a partnership between men and computers, 
one must make it possible -- and economically practicable -- for 
men and computers to work together directly and effectively. The 
first major undertaking of Project MAC, beginning in 1963, and 
building on early work of the M.I.T. Computation Center, was to 
create a computer system with which many people could work simul- 
taneously and conveniently. The result was the first general-purpose 
multi-access computer system, CTSS, the Compatible Time-Sharing 
System. (Actually, two CTSS's were built; one was operated by 
Project MAC, the other by the Computation Center.) 

By 1965, CTSS was the focus of a significant part of the intellectual 
effort of about 200 research people at M.I.T. and quite a few at 
other universities. It was obvious that interactive computing opened 
new horizons. The present computer "time-sharing" industry, with 
its 150 to 200 service companies, is one of them. CTSS made it 
evident that a multi-access computer could provide the communica- 
tion as well as the information storage and processing facilities 
required for the emergence of a new kind of intellectual community. 
Partly by having them and partly by lacking them, CTSS made it 
possible to see what characteristics and features a "community" 
multi-access system should possess. 

The effect of CTSS upon Project MAC was threefold: Its quick 
success, together with the flooding-in upon the designers of ideas 
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about how to build a far better system, led to the determination to 
create a truly comprehensive community computer system, and, 
with the General Electric Company and the Bell Telephone Labora- 
tories, Project MAC initiated a major effort toward that goal. Not 
all the computer scientists and engineers who contributed to the 
development of CTSS wanted to participate in the development of 
the more advanced system: many turned to research in other as- 
pects of computer science and engineering. At the same time, 

CTSS tended to bring its community of substantive users — people 
interested in using interactive computing to facilitate research in 
their various fields — into Project MAC. Thus Project MAC came 
to have three main parts: (1) the Computer System Research Group, 
developing the new multi-access computer system, (2) several 
smaller research programs in computer science and engineering, 
and (3) a large number of users of CTSS. 

During 1967 and 1968, as the use of CTSS turned from a research 
experience into an operational routine, and as the development of 
the new multiple-access system required an increasing fraction of 
the available funds, the third part dwindled. This past year, the 
CTSS operated by Project MAC was transferred to the Information 
Processing Center (formerly Computation Center), and Project MAC 
became a two-part laboratory. That was the first part of the 
transition. 

The second part of the transition began on the first of January 
1969. The new multi-access system, called the Multiplexed Infor- 
mation and Computing Service (Multics), had proven to be much 
more complex and difficult than anticipated, and its development 
had proceeded at just half the scheduled speed — until the begin- 
ning of the new year. Then everything began to go well, the 
schedule quit slipping and now (July 1969) the heart of Multics 
beats, the Multics Operating System operates. 

The Multics that now "runs" is a bare-bones system, but an ad- 
vanced one. The Computer System Research Group is confident 
that it will be opened for general use on 1 October 1969. That will 
begin the third part of the transition. The main system research 
effort will turn from the operating system to the comprehensive 
library procedures and data required to convert such a "system" 
into a "service", to make it effectively and conveniently useful to 
others than computer buffs. This service -building effort will lead, 
we believe, to a realization of our now long-dreamed dream of an 
"on-line" intellectual community. But it will not bring the whole 
community into Project MAC -- only the service builders. Opera- 
tional responsibility for Multics will be transferred to the Informa- 
tion Processing Center. 


Characteristics and Features of Multics 

Inasmuch as the demonstration of the Multics Operating System was 
one of the main accomplishments of the past year, it is an appro- 
priate time to explain the basis for the claim that Multics provides 
a new and unique facility for a true on-line community of users, a 
foundation for unprecedented teamwork in many kinds of undertaking 
that are based upon information. There are two main areas in 
which Multics represents a major advance. In the first of these 
areas, a few other systems, developed since the design of Multics 
was published, are comparable to Multics. In the second, to the 
best of our knowledge, Multics is unique. 

First, Multics introduces a great simplification into the individual 
user's concept of the computer system. Heretofore, he had not only 
to remember the names of his programs and sets of data but also 
to keep in mind their sizes and, if large, squeeze them (all together 
or in subsets) into the computer's memory, which was pictured as 
a single series of little bins, each capable of holding one "word" of 
procedure or data. Using Multics, he thinks only in terms of the 
names; the operating system brings into memory those procedures 
and data required at each moment and does not waste expensive 
memory space (which can be put to good purpose by other users) 
on a user's inactive information. Programming within the context 
of Multics, the user has available to him the equivalent of millions 
of pieces of writing paper, each just as long as he needs it to 
be -- but he need not remember how long, or where he put the 
pieces; he just names them and remembers the names. (If he for- 
gets the names, Multics will of course provide a listing.) Nor does 
the user have to think about the configuration of the "hardware" 
computer. It may change basically, e.g., in number of processing 
units or in number of memory blocks, through failure of subsets 
or through augmentation, but the only way that affects the user is 
to slow down or speed up the service. His working image of the 
configuration of the computer system remains the same: a "space" 
occupied by the names of procedures and data. 

Second, Multics greatly facilitates cooperation among its users. It 
makes it easy for them to work in pairs or groups, using shared 
as well as individual programs and data sets and communicating 
with one another through their consoles as well as face-to-face or 
by telephone. To use another person's procedure or data, one has 
only to get his permission. One does not have to borrow a copy 
either overtly or within the system; two or more people can use 
the same "copy" of a procedure or of a set of data at the same 
time. Multics keeps one of them (and his programs) from changing 
it while the other (another) is in the process of "reading" it. With- 
out permission of the owner, access to files is barred. The owner 
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can extend permission to any individual or established group to use 
one o£ his files in any one of several ways: "read and change", 
"read only", "execute only", and "use only through a privileged 
program". The Multics file system provides the basis for free, 
voluntary cooperation, and also the basis for entrepreneurial co- 
operation for a fee: Multics will keep records of the use of certain 
programs and data and send bills on behalf of the owner. 

Professor F. J. Corbato, leader of the Computer System Research 
Group, has a list of 30 characteristics and features, of which the 
foregoing are a few, that define Multics. It will not be long, now, 
until we see whether they will make the expected difference, whether 
they will greatly facilitate the individual's use of his own informa- 
tion and, at the same time, turn the computer into a communication 
network. 

Knowledge and Heuristics in the Computer 

Computers are so fast and accurate in their execution of procedures 
that they proved themselves very useful long before any computer 
was programmed to do anything that seemed at all intelligent. In- 
deed, to combine the computer's speed and accuracy in applying 
defined procedures to specified data with man's ability to formulate 
and evaluate is the essential aim of man-computer interaction. But 
communication between men and ordinary computer systems is so 
poor as to frustrate any attempt at teamwork. There can be little 
man-computer partnership if the computer knows practically nothing 
and has to be told at every stage precisely what to do and in detail 
how to do it. 

A large and important part of the work of Project MAC is devoted, 
therefore, to learning how to "educate" the computer to be a better 
partner. It does no good simply to fill the computer's memories 
and stores with facts; the uneducated computer can remember but 
nol use them. It does little good to fill the memories and stores 
with procedures; the uneducated computer has to be told exactly 
when and to what data to apply each one. The problem is, essen- 
tially, to understand the process of being intelligent and to program 
at least some of that process into the computer. It is clear that 
the process involves knowledge, which can be defined roughly as 
facts structured into a model that can be "run" or be interpreted 
by the processor, and heuristics, which can be defined roughly as 
guidelines to solution or discovery. 

In Project MAC, during the past year, several accomplishments 
were made in the education of computers. In most instances, the 
computer system was the Incompatible Time-Sharing System (ITS), 
a system somewhat smaller than CTSS and Multics and specialized 
in quite different ways. You have to be a computer buff to use 
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ITS -- but, if you are, you like it so much that you do nothing to 
make it easy for non-buffs to understand. As a result of the edu- 
cational accomplishments, ITS can — among other things — now: 

1) Solve calculus "word problems" of the type, "A man 6.0 
feet tall walks at the rate 5.0 feet per second toward a 
street light which is 16.0 feet above the ground. At what 
rate is the tip of his shadow moving?" (But see Sec. 1 of 
this Report on Artificial Intelligence and Intelligent Automata 
for a discussion of difficulties with similar problems.) 

2) Look (through its television-camera "Eye") at a haphazard 
pile of toy blocks on the floor, analyze the scene into indi- 
vidual blocks (Prof. A. Guzman; B. K. P. Horn), pick them 
up one-by-one (with its mechanical arm and hand), and stack 
them up to make a tower. 

3) Play Class C chess instead of Class D chess, as last 
year. (R. Greenblatt) 

4) Solve symbolic (non-numeric) integration problems, now 
even including problems involving logarithms and exponentials, 
such as the Gaussian ("error") function. (Prof. J. Moses) 

The systems of programs that do the foregoing things, as well as 
others now operating, have some knowledge and some heuristic 
capability, but not much. They are successful only in quite special 
and restricted contexts. A large group, led by Professors M. M. 
Minsky and S. A. Papert, is working intensively to advance the 
understanding of such problems. 

Man-Computer Interaction 

Next to the stupidity of ordinary computer systems, the main bar- 
rier to effective and convenient communication between men and 
computers has been the computer "console". In practical fact, the 
console used in 98 per cent of all on-line man-computer communica- 
tion these last few years has been merely an electric typewriter 
with additional electromechanical parts to send codes to and receive 
codes from a computer. Such typewriters are narrow bottlenecks. 
Obviously they had to give way to, or at least be supplemented by, 
graphic displays and non-keyboard computer-input devices such as 
pencils and microphones. 

The past year saw a marked advance in the commercial supply of 
ultra-typewriter equipment for man-computer interaction. The Ad- 
vanced Remote Display Station (ARDS), developed by the Electronic 
Systems Laboratory in conjunction with Project MAC, led an impor- 
tant part of the advance. Its storage cathode-ray screen provides a 
non-flickering image of fairly good resolution and the capacity to 
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